The influence of boiling water treatment on the surface roughness and surface microstructure of set gypsums was investigated. Typical surfaces before and after immersion in boiling water were compared by means of SEM observation, the Knoop hardness test, and a surface roughness test.
INTRODUCTION
In the practice of crown and bridge casting, accuracy on the order of microns is required due to the rapid progress of precision casting technology and development of the theory of occlusion.
Such precise accuracy concerns steps ranging from taking the impression to polishing the finished work. Surface accuracy of set gypsum, one of major dental cast materials, has been discussed from the standpoints of its compatibility with impression materials and its reproduction of the details of the dental cast.
However, surface roughness and hardness of set gypsum, which decide its surface accuracy, are often experienced when boxing wax around the set gypsum is washed out with boiling water in the production of working casts. These phenomena were reported after stone models were immersed in distilled water1,2) boiling water3), and exposed to tapwater4). However, the mechanism of the degradation caused by water or heat has not been demonstrated.
Here, changes of the set gypsuns were studied before and after immersion in boiling water by determining the surface roughness and Knoop hardness and observing the surface microstructure with scanning electron microscopy (SEM) to verify the heat degradation and find its causes.
MATERIALS AND METHODS

Fabrication of specimens
The gypsum materials listed in Table 1 were four die stones (TYPE IV) and one dental stone 
RESULTS
Surface roughness of set gypsum Table 2 shows the change of surface roughness of set gypsums before and after immersion in boiling water. Fig. 1 shows the results of the determinations. Surface roughnesses of test specimens were compared with those of the acrylic resin plate control.
Untreated test specimens showed greater roughness than the control. After immersion, increases in roughness were observed in all the test specimens.
The SS specimen showed the greatest increase its essential physical strength after immersion in boiling water.
Observation of surface microstrctures of set gypsums Microstructures were observed with SEM to find morphological changes of set gypsums before and after immersion in boiling water. Fig. 3 shows SEM images of the hemihydrate crystals of SP and SS. Fig. 4 shows the morphological changes of the crystals remaining on the surface of SP and SS specimens immersed in boiling water and immediately dried without rinsing. Fig. 3-1 shows plismlike crystals of the hydrocal type usually found in dental stone. Fig. 4-1 shows the surface of the SP specimen after treatment with boiling water.
Dissolution of the surface caused the release and damage of hydrocal crystals.
They were in stockade along the longitudinal direction, and a perpendicular lack of crystals was also clearly observed and they protruded to the surface to form a larger interspaces in the grain boundaries. Fig. 6-1 shows the surface of SS before treatment, and Fig. 6-2 Fig. 8 shows the SP specimen before and after treatment. The untreated surface in Fig. 8-1 shows the intermediate picture between
those of SF and MR specimen, while Fig. 8-2 shows narrower interspaces than FR but more obvious profiles than MR. Fig. 9 shows the PS specimen, dental stone, before and after treatment. Fig. 9-1 shows needlelike crystals uniformly pressed and cohering to each other, hemihydrate. According to ADA specifications, they are classified in to types III and IV , while morphology classified them into dense plismlike crystals (crystacal , densite)8,9,11, However, no precise classification between set dental stone and die stone is made in 
CONCLUSION
The following results were obtained:
1. Surfaces of set dental stones were rougher than that of an acrylic resin plate .
2.
On each specimen immersed in boiling water, highly roughened surfaces and thinner crystal bodies were observed under SEM.
3.
The Knoop hardness of dental stones was considerably lowered after immersion in boiling water. That of die stones was about the same or lower than the dental stones. This result shows that the influence of boiling water extends not only to the surface but also inside the structures.
These results show that even a brief immersion in boiling water profoundly affects dental stone cast, resulting in rougher surfaces and lowered hardness of stone.
